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(57) ABSTRACT 

An all-Wheel drive With hybrid drive has an internal com 
bustion engine (1), a ?rst drive train (4) for a ?rst driven aXle 
(2), a second drive train (10) for a second driven aXle (3), an 
electric machine (15) in the second drive train (10; 110), and 
a ?rst clutch (20) upstream of the electric machine (15) and 
a second clutch (21) doWnstream of the electric machine 
(15). In order to improve all the electrical functions and to 
provide an all-Wheel drive Which meets all requirements, the 
electric machine (15) is composed of a stator (17) and of a 
rotor (18) Which is connected to a ?rst element (44) of a 
three-element planetary gear mechanism (19), Whose second 
element (45) is connected to the ?rst clutch (20) and Whose 
third element (46) is connected to the second clutch (21). 

8 Claims, 4 Drawing Sheets 
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ALL-WHEEL DRIVE VEHICLE WITH 
HYBRID DRIVE 

BACKGROUND OF THE INVENTION 

The invention relates to all-Wheel drive vehicles With a 
hybrid drive, Which comprises an internal combustion 
engine, a ?rst drive train for a ?rst driven axle, a second 
drive train for a second driven axle, an electric machine 
(Which may operate either as an engine or as a generator in 
order to charge an accumulator) in the second drive train, 
and a ?rst clutch upstream of the electric machine and a 
second clutch doWnstream of the electric machine. The ?rst 
clutch is thus at the internal combustion engine end and the 
second clutch at the second driven aXle end. 

Adrive of the generic type is knoWn from DE 196 39 904 
A1. It permits the folloWing operating modes: driving With 
electromotive, internal combustion engine-poWered or 
hybrid drive, regenerative braking and charging in the 
various drive modes, all-Wheel drive or drive With only one 
aXle. HoWever, as a result of the fact that the second drive 
train connects the tWo drive aXles rigidly When the clutches 
are closed, the situation in the all-Wheel drive mode is as if 
there Were no differential betWeen the tWo axles, and it is 
therefore not possible to travel around bends. 

Further disadvantages of this knoWn drive are due to the 
fact that the electric machine rotates essentially With the 
rotational speed of the articulated shaft, and in fact some 
What faster in the variant With a step-doWn gear mechanism, 
the rotational speed alWays being proportional to the travel 
speed. Thus, during sloW travel With the electric drive (that 
is to say When it is needed the most), sufficient torque is not 
available and no signi?cant generator effect is available 
during charging or during regenerative braking When trav 
eling sloWly. 
DE 44 01 473 A1 discloses a poWer transmission unit 

Which is arranged in the drive train for the second driven 
aXle, rotates in its entirety and in Which a three-element 
planetary gear mechanism and an electric brake or an eddy 
current brake are provided. As a result, even though the 
torque or the rotational speed Which is transmitted to the 
second aXle can be regulated, the output variables (torque 
and/or speed) of this unit can never be greater than the input 
variables. There is no mention of regenerative braking, let 
alone of a contribution to the drive. 

An object of the invention is to develop a hybrid drive of 
the generic type in such a Way that, as Well as improving all 
the electric functions (drive, charging, regenerative 
braking), an all-Wheel drive Which meets all requirements is 
also provided. These requirements also comprise complete 
roadWorthiness and ABS and ESP compatibility With the 
permanent all-Wheel drive. 

SUMMARY OF THE INVENTION 

The foregoing object is achieved according to the inven 
tion Wherein an electric machine is composed of a housing 
Which forms the stator and of a rotor Which is connected to 
a ?rst element of a three-element planetary gear mechanism, 
Whose second element is connected to the ?rst clutch and 
Whose third element is connected to the second clutch. 

The planetary gear mechanism ?rstly forms a connection 
to the rotor With a high transmission ratio. As a result, its 
rotational speed can be a multiple of the rotational speed of 
the drive train and it is not necessarily proportional. It can 
be regulated by actuating the electric machine (in particular 
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2 
by means of its stator Windings). The electric machine is 
signi?cantly smaller by virtue of its rotational speed level 
Which is generally much higher. Consequently, even When 
traveling sloWly, a high braking torque is available, and in 
the case of an electric drive a high torque is available. The 
latter is particularly desired in toWn cycle driving. 
The connection of the other elements of the planetary gear 

mechanism to the clutches makes it possible for the rota 
tional speed at the second clutch to be loWer, and at most the 
same, controlled by means of the braking torque Which is 
applied by the electric machine. Thus, When the Wheels of 
the ?rst driven aXle spin, a higher torque can be allocated to 
the Wheels of the second driven aXle, in accordance With the 
grip conditions. 

Furthermore, it is hoWever also possible to operate the 
electric machine as a motor, making it possible to drive the 
second driven aXle more quickly than the ?rst driven aXle. 
In this case, the planetary gear mechanism acts as a variable 
ratio planetary gear mechanism, as a result of Which a higher 
torque can be made available to the second driven aXle than 
to the ?rst. This is very valuable in certain driving situations, 
for eXample in order to bring about intentional oversteering. 

In an advantageous development of the invention, the ?rst 
and second clutches each have tWo shift positions, in one of 
Which they connect an element of the planetary gear mecha 
nism to the respective connecting part of the second drive 
train and in the other of Which they connect the same 
element to the housing. In the ?rst position, both aXles are 
driven and in the second the transmission ratio of the 
planetary gear mechanism is a higher one as a result of the 
connection of one element or the other to the housing, said 
higher transmission ratio bene?ting, in the one case, opera 
tion With electric drive With only the second aXle, and in the 
other case bene?ting the charging operation. 

In one particularly favorable con?guration of the plan 
etary gear mechanism, the ?rst element is the sunWheel, the 
second element the planetary carrier and the third element 
the ring gear, the sunWheel and the rotor of the electric 
machine being seated on a common holloW shaft, and the 
electric machine and the planetary gear mechanism are 
accommodated in a common housing to Which in each case 
one clutch is connected on each side. 

The embodiment according to the invention is suitable for 
a Wide variety of all-Wheel drive systems: in the conven 
tional arrangement With a central transfer transmission— 
Which then requires, no differential—the electric machine 
can be arranged With the planetary gear mechanism in one 
of the tWo drive trains. In the case of an arrangement in 
Which the ?rst drive train leads to the permanently driven 
?rst aXle (usually the front axle) and the second drive train 
leads to the second driven aXle via an articulated shaft, the 
electric machine is advantageously arranged betWeen the 
articulated shaft and an aXle transmission of the second 
driven aXle. 
A particularly economical development Which is favor 

able for the distribution of Weight is that the electric machine 
With the planetary gear mechanism and the clutches directly 
adjoins the aXle transmission and their housings are con 
nected to one another or joined. 

If the ?rst driven aXle has an aXle transmission and tWo 
half aXles Which lead to the Wheels, a possible development 
of the invention is that a third clutch is provided in one of 
the tWo half aXles. Such an arrangement makes it possible to 
operate the electric machine as a generator even When the 
vehicle is stationary if this third clutch is open. Then the 
differential of the aXle transmission in fact “differentiates”, 
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With the result that the torque is passed on to the electric 
machine Without driving the vehicle. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention is described and explained below With 
reference to ?gures, in Which: 

FIG. 1: shoWs a diagram of a vehicle With the drive 
according to the invention, 

FIG. 2: shoWs a detail of FIG. 1 in a ?rst operating mode, 

FIG. 
mode, 

FIG. 4: shoWs a detail of FIG. 1 in a third operating mode, 

FIG 

mode, 

3: shoWs a detail of FIG. 1 in a second operating 

. 5: shoWs a detail of FIG. 1 in a fourth operating 

FIG. 6: shoWs a diagram of a different embodiment. 

DETAILED DESCRIPTION 

In FIG. 1, the engine transmission block of an all-Wheel 
drive vehicle according to the invention is designated by 1, 
the ?rst driven axle, here the front axle, is designated by 2 
and the second driven axle (here the rear axle) by 3. The ?rst 
driven axle 2 has an axle transmission 4 With differential 
betWeen a ?rst half axle 5 and a second half axle 6, With 
respect to Which differential the ?rst drive train is degener 
ated in the arrangement shoWn. Said drive train is adjoined 
by an angle transmission 7 Which forms the output of the 
second drive train 10 Which leads to an axle transmission 8 
With differential of the second driven axle and is formed by 
an articulated shaft 9 and a device according to the inven 
tion. 

This device according to the invention is composed of an 
electric machine 15 and a planetary gear mechanism 19 
Which is also accommodated in the housing 16 together With 
a stator Winding 17 and a rotor 18 of the electric machine. 
The housing 16 and the stator Winding 17 are ?xed to the 
vehicle, that is to say they do not rotate. A ?rst clutch 20 is 
provided upstream of the housing 16, and a second clutch 21 
doWnstream of the housing 16. These clutches may be 
claW-type or sleeve-type clutches With or Without synchro 
niZation. Other clutch types, such as for example multiplate 
clutches, are also conceivable. 

The stator Winding 17 is connected to an accumulator 
battery 22 via a corresponding poWer electronic system 23. 
A control electronic system 24 acquires control signals 26, 
from various driving and operating data 25, for the poWer 
electronic system 23 and for controlling the clutches 20, 21 
Which have actuators 28, 29. Finally, it is also possible to 
provide a third clutch in the second half axle 6 of the ?rst 
driven axle, on Which clutch more details Will be given later. 

FIG. 2 shoWs only the electric machine 15 With the 
adjacent elements in a speci?c operating position. The 
elements Which adjoin the electric machine 15 are, apart 
from the planetary gear mechanism 19, the tWo clutches 20, 
21. The ?rst clutch 20 has tWo different clutch positions. In 
the ?rst clutch position it connects the articulated shaft 9 to 
a ?rst clutch hub 40 and in the second position it connects 
the ?rst clutch hub 40 to a ?rst housing hub 41. The second 
clutch 21 also has tWo positions. In the ?rst it connects the 
rest of the second drive train 10, speci?cally the axle 
transmission 8, to a second clutch hub 42, and in the other 
position it connects the latter to a second housing hub 43. 

The planetary gear mechanism 19 is composed of a 
sunWheel 44 Which is connected ?xed in terms of rotation to 
the rotor 18 of the electric machine 15 and forms a holloW 
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4 
shaft With the latter, of a planetary carrier 45 Which pen 
etrates the rotor 18 and its holloW shaft and is connected 
?xed in terms of rotation to the ?rst clutch hub 40, and of a 
ring gear 46 Which is connected ?xed in terms of rotation to 
the second clutch hub 42. 

In the operating state shoWn in FIG. 2, the ?rst clutch 20 
connects the planetary carrier 45 ?xed in terms of rotation to 
the articulated shaft 9, and the second clutch 21 connects the 
ring gear 46 to the drive of the second axle differential 8. 
This means that the connection betWeen the tWo driven axles 
2, 3 is made via the planetary gear mechanism. In order to 
transmit a torque, one of the elements of the planetary gear 
mechanism 19 must be supported. This support is provided 
by the electric machine 15 Which acts in this case as a brake. 
As the braking force Which is exerted by it can be controlled 
by means of the poWer electronics 23, it is also the support 
ing force in the planetary gear mechanism and thus also the 
torque Which is transmitted to the second driven axle, as 
long as the rotational speed of the ring gear 46 is only less 
than that of the planetary carrier 45, or as long as the 
rotational speed of the second driven axle 3 is less than that 
of the ?rst driven axle 2. This thus results in the effect of a 
controllable clutch betWeen the driven axles and thus of a 
control of the distribution of the torque betWeen them. 

HoWever, as the electric machine is not only a brake 
generator but also an electric motor, it can also transmit a 
higher torque through corresponding actuation of the second 
driven axle 3, and increase its rotational speed beyond that 
of the ?rst driven axle. The planetary gear mechanism acts 
as a variable ratio planetary gear mechanism here. 

In FIG. 3, the ?rst clutch 20 is moved into the other shift 
position in Which it connects the ?rst clutch hub 40 ?xed in 
terms of rotation to the ?rst housing hub 41. The planetary 
carrier 45 is then connected ?xed in terms of rotation to the 
housing 16. The planetary gear mechanism 19 thus becomes 
a ?xed-shaft transmission in Which the ring gear 46, the 
sunWheel 44 and With it the rotor 18 of the electric machine 
rotates very quickly. In this shift position, tWo operating 
states are possible. In one, the second driven axle drives the 
electric machine, Which thus acts as a generator, that is to say 
regenerative braking; and in the second the electric machine 
15 acts as a motor Which drives only the second driven axle 
With a very large transmission ratio. This results in a high 
acceleration When the speed is loW and there is good grip 
(toWn cycle in Which all-Wheel drive is not required). Thus, 
it is possible to travel With the internal combustion engine 
sWitched off, that is to say purely by electric means. 

In FIG. 4, both clutches 20, 21 are in the position in Which 
they connect the clutch hub 40, 42 ?xed in terms of rotation 
to the housing hub 41, 43. The electric machine is thus 
completely blocked. In this operating state, the vehicle 
normally travels With the internal combustion engine and 
With only the ?rst driven axle being driven. 

In the operating state in FIG. 5, the ?rst clutch is in the 
position in Which the ?rst clutch hub 40 is connected ?xed 
in terms of rotation to the articulated shaft 9, and thus to the 
?rst driven axle 2, and ?xed in terms of rotation to the 
internal combustion engine. The second clutch 21 blocks the 
second clutch hub 42 With respect to the second housing hub 
43, and the ring gear 46 of the planetary gear mechanism 19 
is stationary. OWing to the position of the ?rst clutch 20, the 
planetary carrier 45 is driven When the vehicle travels. As its 
planetary Wheels roll on the ring gear 46, the sunWheel 44 
rotates, and the rotor 18 of the electric machine 15 rotates 
With it very quickly. 

In this clutch con?guration there are also tWo operating 
states again, in each case only With the ?rst driven axle, and 
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the second axle is not driven. In the ?rst operating state, the 
electric machine 15 acts as a motor Which supports the 
internal combustion engine, With a high step-doWn ratio, as 
the ?rst driven axle is driven. In the second operating state, 
the electric machine 15 acts as a generator. It thus uses up 
the poWer of the internal combustion engine Which is 
instantaneously not required for the drive in order to gen 
erate current Which is stored in the accumulator battery 22 
(FIG. 1). The internal combustion engine can thus be oper 
ated in its most favorable range. 

If it is also desired to charge the accumulator battery in the 
stationary state on the basis of this operating state, this is 
possible by opening the clutch 30 (shoWn in FIG. 1) in the 
half aXle 6 of the ?rst driven aXle. OWing to the aXle 
transmission 4, the other half aXle 5 is not driven, but rather 
only the second drive train 9, and thus the electric machine 
Which operates as a generator. The generator operation When 
the vehicle is stationary can also be used to supply electrical 
loads Which are not actually associated With the vehicle 
itself. 

FIG. 7 shoWs a quite different embodiment of the inven 
tion. Here, the second drive train 110 for the second driven 
aXle together With everything in betWeen does not differ at 
all from the embodiment in FIG. 1. The difference is that the 
engine-transmission block 101 is arranged in the longitudi 
nal direction of the vehicle here and is folloWed by a rigid 
transfer transmission, that is to say one Without a central 
differential, from Which a ?rst drive train 109 eXtends to the 
?rst driven aXle 102, and the knoWn second drive train 110 
eXtends to the second driven aXle 103. HoWever, Within the 
scope of the invention, the tWo drive trains can also be 
exchanged, that is to say 109 can take the place of 110, and 
vice versa. 

What is claimed is: 
1. An all-Wheel drive vehicle With hybrid drive, compris 

ing an internal combustion engine (1), a ?rst drive train (4; 
109) for a ?rst driven aXle (2; 102), a second drive train (10; 
110) for a second driven aXle (3; 103), an electric machine 
(15) in the second drive train (10; 110), and a ?rst clutch (20) 
upstream of the electric machine as Well as a second clutch 
(21) doWnstream of the electric machine, Wherein the elec 
tric machine (15) is composed of a housing (16) Which forms 
the stator (17) and of a rotor (18) Which is connected to a ?rst 
element (44) of a three-element planetary gear mechanism 
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(19), Whose second element (45) is connected to the ?rst 
clutch (20) and Whose third element (46) is connected to the 
second clutch (21). 

2. The all-Wheel drive vehicle With hybrid drive as 
claimed in claim 1, Wherein the ?rst clutch (20) and the 
second clutch (21) each have tWo shift positions, in one of 
Which they connect an element (45, 46) of the planetary gear 
mechanism (19) to the respective connecting part of the 
second drive train (9) and in the other of Which they connect 
the same element (45, 46) to the housing (16). 

3. The all-Wheel drive vehicle With hybrid drive as 
claimed in claim 2, Wherein the ?rst element (44) of the 
planetary gear mechanism (19) is a sunWheel, the second 
element (45) is a planetary carrier and the third element (46) 
is a ring gear, the sunWheel (44) and the rotor (18) of the 
electric machine (15) being seated on a common holloW 
shaft. 

4. The all-Wheel drive vehicle With hybrid drive as 
claimed in claim 1, Wherein the electric machine (15) and 
the planetary gear mechanism (19) are accommodated in a 
common housing (16) to Which in each case one clutch (20, 
21) is connected on each side. 

5. The all-Wheel drive vehicle With hybrid drive as 
claimed in claim 1, Wherein the ?rst drive train (4) leads to 
a permanently driven front aXle (2) and the second drive 
train (10) leads to the second driven aXle (3) via an articu 
lated shaft (9), and Wherein the electric machine (15) is 
arranged betWeen the articulated shaft (9) and an aXle 
transmission (8) of the second driven aXle 

6. The all-Wheel drive vehicle With hybrid drive as 
claimed in claim 5, Wherein the electric machine (15) With 
the planetary gear mechanism (19) and the clutches (20, 21) 
directly adjoins the aXle transmission (8) and their housings 
are connected to one another. 

7. The all-Wheel drive vehicle With hybrid drive as 
claimed in claim 5, Wherein the ?rst driven aXle (2) has an 
aXle transmission (4) and tWo half aXles (5, 6) Which lead to 
Wheels, and Wherein a third clutch (30) is provided in one of 
the tWo half aXles (5: 6). 

8. The all-Wheel drive vehicle With hybrid drive as 
claimed in claim 1, Wherein at least one of the clutches (20, 
21, 30) is synchroniZed. 


